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(54) Title: FLOW ABILITY ADDITIVE 
(57) Abstract 

A cement pumpability-enhancing additive which confers good pumpability on cementitious compositions such as concrete consists 
essentially of (a) polyethylene glycol; (b) diethylene glycol monobutyl ether and/or a derivative thereof; (c) polysaccharide; and (d) a 
thickening polymer selected from the group consisting of polyacrylic acid derivatives, polyacrylic amide derivatives, cellulose ethers, 
polyphenyl ethers and polyalkylene glycol fatty acid esters; the weight solids proportions of (a), (b), (c), and (d) in the additive being 
respectively 5-55 %, 10-80 %, 1-20 % and 1-20 %. The additive is preferably used with a cement dispersing agent. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cdte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/24734 



PCT/EP97/06945 



1 

FLOWABILITY ADDITIVE 

5 The present invention relates to a a method of improving the pumpability of 

cementitious compositions and to a cement additive which is intended to improve the 
workability of cementitious compositions for pump application. 

Pump application is a way of conveying cement compositions such as cement paste, 
10 mortar, and concrete to a desired place by means of a pump. In the building of modern 
large-scale concrete structures, efficient conveyance of large quantities of concrete is 
achieved by employing a high-capacity pump and a large-diameter pipe or branched pipes, 
the latter permitting concrete to be cast over a large area at one time. While this method is 
acceptable for conventional concrete, it is not acceptable for the high strength, high-flow 
15 concrete used in high-rise concrete buildings in urban areas, and which concrete exhibits 
special properties such as high strength and self- filling. If it is attempted to pump such 
concrete by the method hereinabove described, it will lose flowability during its 
conveyance, the degree of loss depending on mix proportions, environment and on-site 
conditions. The carrying out of the process and the quality of the final concrete are thereby 
20 compromised. 

Several means have been proposed to address this problem, involving increasing the 
amount of powder or fine aggregate in a concrete mix, decreasing the amount of mixing 
water, or adding a thickening agent. These means, however, have the disadvantage of 
25 increasing the concrete viscosity, raising the pumping pressure, and reducing the durability 
of the cured concrete (because of the presence of a higher proportion of powder). Such 
disadvantages sometimes hinder site execution and quality control, and hence the 
abovementioned means are not a satisfactory solution at the present time. 

30 The use of pumpability admixtures has been suggested, one such admixture 

containing as essential ingredients polyethylene glycol and polycarboxylic acid-based 
dispersing agent. Unfortunately, this dispersing agent increases the concrete viscosity or 
cannot prevent the decrease of flowability completely after pumping. 
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There is therefore a demand for cement additive which permits smooth pump 
application of concrete, while ensuring good flowability and pumpability, without causing 
increase in viscosity. 

5 In British Patent 2,297,086 there is disclosed a pumping aid which is a combination 

of polyethylene glycol and diethylene glycol monobutyl ether (butyl "Carbitol" (trade mark) 
or a derivative thereof). An optional component in this pumping aid was a polysaccharide. 

This pumping aid provided a considerable advance in the art, but it was found that in 
10 certain difficult circumstances its performance was not adequate. Such circumstances 
included the considerable change in fluidity just after a mixing, or the fluctuations caused by 
such factors as change in the mix proportions of the composition being pumped, fluctuations 
in aggregate quality, or an increase in pumping pressure in a desire to reduce time. 

15 It has now been found that it is possible substantially to overcome these problems 

and provide good pumpability and flowability for such concretes while retaining their good 
properties. The invention therefore provides a cement pumpability-enhancing additive 
which consists essentially of 

(a) polyethylene glycol; 

20 (b) diethylene glycol monobutyl ether and/or a derivative thereof; 

(c) polysaccharide; and 

(d) a thickening polymer selected from the group consisting of polyacrylic 
acid derivatives, polyacrylic amide derivatives, cellulose ethers, polyphenyl 
ethers and polyalkylene glycol fatty acid esters; 

25 the weight solids proportions of (a), (b), (c), and (d) in the additive being respectively 5- 
55%, 10-80%, 1-20% and 1-20%. 

The invention additionally provides a method of improving the pumpability of a 
cementitious composition by the incorporation therein prior to pumping of an additive as 
30 hereinabove defined. 

Diethylene glycol monobutylether (hereinafter "DGME") is a well-known material 
and is commercially available, for example, as butyl "Carbitol" (trade mark). The derivative 
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used in the present invention is preferably an adduct of DGME with 1-2 mol ox propylene 
oxide. It is preferred to have present at least some DGME, and the preferred material is a 
mixture of DGME and the abovementioned adduct. 

5 The polyethylene glycol used in the present invention is preferably one which has an 

average molecular weight (weight-average) of from 4,000 to 150,000. It is preferably 
present in the proportion of from 5-50%. 

The polysaccharide used in the present invention is preferably one or more selected 
1 0 from curdlan, sugar alcohol, xanthan gum, guar gum, welan gum and B- 1 ,3-glucan. 

The thickening polymers for use in this invention may be selected from a wide range 
of suitable materials. Preferred examples include polyacrylic acid derivatives, 
polyacrylamide derivatives, cellulose ethers, polyalkylene glycol fatty acid esters and 
15 alkylphenyl ethers. In the case of polyacrylic acid derivatives, polyacrylamide derivative 
and cellulose ethers, they should be such that the viscosity of 1 wt. % aqueous solution is 
from 1,000-1,000,000 cP (20°C). In the case of polyalkylene glycol fatty acid esters and 
alkylphenyl ethers, the viscosity of 10 wt. % aqueous solution of these is preferably 10-500 
cP (20°C). It is possible and permissible to use more than one such thickening polymer. 

20 

The cement pumpability-enhancing additive according to the present invention should be 
used in an amount adequate to achieve good pumpability with retention of properties. This 
will vary depending on the cement composition to which it is added. Usually the amount 
ranges from 0.05 to 5.0, preferably from 0.05 to 2, wt% (in terms of solids in the cement 
25 additive) for the amount of cement contained in the cement composition. It is not 
specifically limited so long as there is enough to impart desired flowability and pumpability 
to the cement composition for pump application. 

The cement additive according to the present invention should preferably be used in 
30 combination with a cement dispersing agent. This may be selected from any of the 
commercial-available cement dispersing agents, such as a polycarboxylic acid, 
aminosulfonic acid, a napthalenesulfonic acid-formalin condensate, a melamine sulfonic 
acid- formalin condensate, ligninsulfonic acid, and a hydroxycarboxylic acid, and metal salts 
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thereof (including alkali metal salts and alkaline earth metal salts). In this particular 
embodiment, the cement dispersing agent should be present in an amount up to 3% (by 
weight solids on cement). In this case, the total proportion of additive + cement dispersing 
agent should not exceed 5% by weight solids based on cement. 

The abovementioned DGME/DGME derivative, polyethylene glycol, 
polysaccharide, thickening polymer and dispersing agent should preferably be used blended 
as a single component; however, they may also be used as two or more components. 

The cement pumpability-enhancing additive according to the present invention may 
be used in combination with other additives, such as air-entraining agents, drying shrinkage 
reducing agents, high-early strengthening agents, setting accelerators, setting retarders, 
defoaming agents, rust inhibitors and accelerating agents. Such additives perform their 
normal functions and are used in art-recognised quantities. 

Cementitious compositions to which the additives of this invention have been added 
exhibit a combination of good pumpability and good viscosity. The compositions flow well 
and are easy to apply. In an especially valuable embodiment of the invention, the high- 
strength, high-flow concretes used nowadays for construction, which have not been easy to 
pump using conventional technology, can be made readily pumpable with little or no loss of 
properties by means of this invention. A particular feature of the invention is the ability of 
the compositions according to the invention to minimise changes in fluidity under the 
circumstances hereinabove described. The invention therefore also provides a method for 
applying a cementitious composition by pumping, wherein there is first added to the 
composition a pumpability-enhancing additive as hereinabove described, and the 
cementitious composition is then pumped. The invention further provides a pumpable 
cementitious composition comprising a cementitious composition and a pumpability- 
enancing additive as hereinabove described. 

The present invention will now be further explained with reference to the following 
non-limiting examples which demonstrate the application of the cement additive to mortar 
and concrete. 
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Examples 

Materials used 

a) Fine aggregate : 

5 Oi river system land sand (specific gravity =2.59, fineness modulus=2.72: hereinafter 
described as "land sand".) 

Ako, Hyougo prefecture, crushed sand (specific gravity=2.56, fineness modulus=2.93: 
hereinafter described as "crushed sand") 

Kisarazu, Chiba prefecture, pit sand (specific gravity=2.63, fineness modulus=2.41 : 
hereinafter described as "pit sand".) 

b) Coarse aggregate: 

Ome sandstone crushed stone (specific gravity=2.65, maximum particle diameter=20mm) 

c) Cement : 

Ordinary portland cement ("OPC") manufactured by Chichibu Onoda Cement Corporation, 
(specific gravity=3.16) 

Low heat portland cement ("LHC") manufactured by Nihon Cement Co., Ltd. (specific 
gravity=3.20) 

Usage of ordinary portland cement manufactured by Nihon Cement Co., Ltd. and fly- ash 
manufactured by Denpatsu Coaltech Co., Ltd. in a weight ratio of 4 to 1 ("FAC") (specific 
gravity=2.97) 

d) Thickening polymer 

Polyacrylamide derivative ("Sumiflock" (trade mark) FA-200 manufactured by Sumitomo 
Chemical Co., Ltd. ("PAA") 

Cellulose ether (SFCA-2000 manufactured by Shin-Etsu Chemical Co., Ltd. ("CLE") 
Polyalkylene glycol fatty acid ester (Ionet (trade mark) DO- 1000 manufactured by Sanyo 
Kasei Kogyo Co., Ltd. ("PAG") 

Alkylphenyl ether ("Nonipol" (trade mark) 100 manufactured by Sanyo Kasei Kogyo Co., 
Ltd. ("APE") 

e) DGME derivative : 

Butyl "Carbitol" ("BCR"), tert-butyl "Carbitol" ("TBC"), adduct of butyl "Carbitol" with 1 
mol of propylene glycol ("BP1"), adduct of butyl "Carbitor with 2 mol of propylene glycol 
("BP2") 
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f) Polyethylene glycol derivatives : 

Polyethylene glycol (average molecular weight 4000, hereinafter referred to as PG-04) 
Polyethylene glycol (average molecular weight 10000, hereinafter referred to as PG-10) 
Polyethylene glycol (average molecular weight 20000, hereinafter referred to as PG-20) 
5 Polyethylene glycol (average molecular weight 1 50000, hereinafter referred to as PG- 1 50) 

g) Polysaccharide 

Curdlan (hereinafter referred to as CA) 

Sugar alcohol "Sorbit" (trade mark) PO-30 manufactured by Towa Kasei Kogyo Co., Ltd., 
hereinafter referred to as PO) 
1 0 Xanthan gum (hereinafter referred to as XG) 
Guar gum (hereinafter referred to as GG) 
fcO Cement dispersing agent : 

Polycarboxylate "Rheobuild" (trade mark) SP-8N manufactured by NMB Ltd., hereinafter 
referred to as SP-8N) 

15 Formalin high condensates of naphthlenesulfonate "Rheobuild" SP-9N manufactured by 
NMB Ltd., hereinafter referred to as SP-9N) 

Formaldehyde high condensate of melamine sulfonate "Rheobuild" NL-4000 manufactured 
by NMB Ltd., hereinafter referred to as NL-40) 

Mixture of lignosulfonate and oxycarboxylate ("Pozzolith" (trade mark) No. 70 by NMB 
20 Ltd., hereinafter referred to as PZ-70) 

1) Mortar and concrete: mix proportion, preparation and materials 
I-I) Mortar 

An evaluation test is carried out using mortar of the mix proportion shown in Table 1. Each 
material is measured so that the volume of the mix is 30 litres, and all the materials are 

25 placed into a pan-type enforced mixer with a nominal capacity of 50 litres and mixed for 
120 seconds to prepare the mortar. For the mix proportion shown in Table 1 are determined 
water-cement ratio, sand-cement ratio, unit water content, unit cement content and unit fine- 
aggregate content on the basis of the mix proportion of high flow concrete which exhibits 
60±5 cm in the slump flow in which a unit cement volume is about 550 kg/m 3 . 

30 Additionally, the air content of the mortar is in the range of 1 .5±0.5 vol%. 
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1 -2) Concrete 

An evaluation test is carried out using concrete of the mix proportion No. 1 and 2 shown in 
Table 2. Each material is measured so that the volume of the mix is 4 m 3 and all the 
materials are placed into an enforced twin-shaft mixer with a capacity of 4 m 3 and mixed for 
5 60 seconds to prepare concrete. Additionally, the slump, slump flow, and air content of the 
mix proportion No. 1 are 25.5 cm, 58.0-71.0 cm, and 1.0-2.0 % respectively, and those of 
the mix proportion No. 2 are 18.5-19.5 cm, 28.0-34.0 cm, and 4.0-5.0 % respectively. 



Table 1 



Mix 


Water/cement 


Sand/cement 


Cement 


Fine 


No. 


ratio (%) 


ratio 




aggregate 


1 


30.0 


1.30 


OPC 


land sand 


2 






OPC 


crushed sand 


3 






OPC 


pit sand 


4 






LHC 


land sand 


5 






FAC 


land sand 



Table 2 



Mix 


Water/cement 


Percent 


Unit contents 


Cement 


Fine 


No. 


ratio (%) 


fine aggregate 


(kg/m3) 






aggregate 






(%) 


Water 


Cement 






1-A 


30.0 


44.8 


170 


567 


OPC 


land sand 


1-B 










OPC 


pit sand 


1-C 










LHC 


pit sand 


2 


55.0 


49.0 


170 


309 


OPC 


land sand 



i) Sample: 

15 In Table 3 are shown the types and the mixing ratio of thickening polymers, DGME 
derivatives, polyethylene glycols and polysaccharides of sample used in examples and 
comparative examples. 
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Table 3 



Type of 
sample 

A 


Components and their mixing ration (wt. %) 


DGME 


Polyethylene 
glycol 


Polysaccharide 


Thickening 
polymer 


Type 


Ratio 


Type 


Ratio 


Type 


Ratio 


Type 


Ratio 


BCR 


40 


PG-20 


40 


CA 


15 


CLE 


5 


B 


TBC 


40 


PG-20 


40 


CA 


15 


CLE 


5 


C 


BC1 


40 


PG-20 


40 


CA 


15 


CLE 


5 


D 


BC2 


40 


PG-20 


40 


CA 


15 


CLE 


5 


E 


BCR 


25 


PG-04 


55 


CA 


15 


CLE 


5 


F 


BCR 


30 


PG-10 


50 


CA 


15 


CLE 


5 


G 


BCR 


75 


PG-150 


5 


CA 


15 


CLE 


5 


H 


BCR 


40 


PG-20 


40 


CA 


5 


CLE 


5 


1 


BCR 


40 


PG-20 


40 


XG 


5 


CLE 


5 


J 


BCR 


40 


PG-20 


40 


GG 


5 


CLE 


5 


K 


BCR 


45 


PG-20 


45 


CA 


8 


PAA 


2 


L 


BCR 


40 


PG-20 


40 


CA 


10 


PAG 


10 


M 


BCR 


35 


PG-20 


35 


CA 


10 


AFE 


20 


O 






PG-20 


100 










P 






PG-150 


100 










Q 














PAA 


100 


R 














CLE 


100 


S 


BCR 


49 






CA 


48 


CLE 


3 


T 


BCR 


49 


PG-20 


48 






CLE 


3 


U 


BCR 


40 


PG-20 


40 


CA 


20 







2) Test method of mortar and concrete 
5 2-1) Static pressure test for mortar 

Using the mixed mortar samples shown in Table 1, there are measured the flow (Fpl) of 
mortar intermittently added with a constant pressure and the flow (F0) of the same mortar 
preserved at a standing condition for the same period of time. From this can be calculated 
the mortar flow ratio (Fpl/FO) to evaluate the effect that the static pressure condition exerts 
10 on the fluidity of mortar. These test results are shown in Table 4. 

a) Application of pressure: The mortar sample is placed in a test container specified by 
"Pressure Bleeding Test Method" in "Guide for Pump Application of Concrete (draft)" 
prescribed by the Japan Society of Civil Engineers, and is pressurised so that the pressure 
reaches 50 kgffcm in 5 seconds. After maintaining this for 10 seconds, the pressure is 

15 relieved in 5 seconds. After repeating 30 cycles of this operation, the mortar flow is 
measured. 

b) Mortar flow: The flow cone is used which is specified by "Method for Physical Test of 
Cement" in JIS R-5201. After pulling up the flow cone filled with mortar, a stopped mortar 
spread is measured. 
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2- 2) Pumping test of mortar 

Using the mixed mortar samples shown in Table 1, there are measured the flow (Fp2) of 
mortar after pumping at a constant discharge volume and at a constant pumping time in each 
case and the flow (FO) of the mortar preserved at a standing condition for the same period of 
5 time as the pumping time, thereby being calculated mortar flow ratio (Fp2/F0) to evaluate 
the effect that the pumping condition exerts on the fluidity of mortar. 

a) Pumping condition: 

1) Pump: Mortar pump DM15 manufactured by Shin-Meiwa Kogyo Co., Ltd. 

2) Pipe length: Flexible hose (2.5cm x 5m) 
10 3) Discharge volune: 6.0 liters/min. 

4) Pumping time: 10 min. 

5) Environmental temperature: 20°C 

b) Mortar flow: Measured as in 2-1 above 

15 2-3) Pumping-test method of concrete 

Using concrete adjusted to the mix proportion shown in Table 2, there are measured the 
slump flow of concrete after pumping at a constant discharge volume and at a constant 
pumping time using a concrete pump, and the slump flow of concrete preserved at a 
standing condition for the same period of time as the pumping time, thereby being evaluated 
the effect that the pumping exerts on the fluidity of concrete. 

q) Slump flow: According to "Method for Test of Concrete Slump Flow (draft)" prescribed 
by the Japan Society of Civil Engineers. 

b) Air-entrainment property: According to JIS A 1 128 

c) Pumping condition: 

1) Pumper: Model PY 1 10-25 

2) Pipe length: Horizontal length 50 m (5 inch steel pipe) 

3) Discharge volume: 30 m 3 /hr. 

4) Environmental temperature: 20°C 
3) Test results: 

3- 1) Mortar 

In Table 4 are shown the results of the static pressure test and the pumping test. From 
Table 4 are ascertained the following effects in case of using the additive for cement 
composition in the invention for mortar. 
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[Pumping test 




Flow 
ratio 
FP2/F0 


0.99 


0.98 


0.97 


0.97 


0.94 


0.96 


0.92 


0.98 


0.99 


0.99 


0.98 


o 
p 


0.94 


0.92 


0.91 


0.93 


0.90 


1.00 


0.99 


0.98 


0.96 


Static 


pressure 
test 


Flow 
ratio 
FP1/F0 


1.01 


1.00 


0.99 


1.00 


0.98 


0.99 


0.97 


0.99 i 


0.99 


0.08 


1.00 


1.01 


0.97 


0.99 


0.98 


0.99 


0.97 


1.01 


1.00 


0.99 


0.99 


Mortar flow (mm) 




After 

pumping 

FP2 


CO 

co 

CM 


N- 

CO 
CM 


CO 
CO 
CM 


CO 
CO 
CM 


CO 
CO 
CM 


CO 
CO 
CM 


o 

CM 
CM 


CM 
CO 
CM 


h- 
co 

CM 


CO 
CM 


LO 
CO 
CM 


CM 


CO 
CM 
CM 


CM 
CM 
CM 


CN 


CM 
CM 
CN 


o 

CM 


oo 
^- 

CN 


CM 
Tf 
CN 


CN 


CO 
CM 
CM 


After 

pressing 

FP1 


CM 


CM 
CM 


CO 
CO 
CM 


o 

CM 


CO 
CM 


CM 


CM 
CO 
CM 


LO 

CO 
CM 


co 

CM 


00 
CM 


O 
CM 


CO 
CM 


O 
CO 
CM 


CD 
OO 
CM 


O 
CO 
CM 


r^. 

CO 
CN 


CO 
CM 
CN 


CN 
LO 
CN 


CO 
XT- 
CM 


I s - 
CN 


h- 
CO 
CM 


Standing 
condition 
FO 


CM 


CM 
Tf 
CM 


O 
CM 


O 
CM 


OO 
CM 


CO 
CM 


CO 
CO 
CM 


co 

CM 


OO 
CO 
CM 


CO 
CO 
CM 


O 
CM 


T — 

CM 


co 

CM 


CN 


to 

CO 
CN 


CO 
CO 
CM 


CO 
CO 
CN 


O 
LO 
CN 


LO 
CN 


CO 
CN 


OO 
CO 
CN 


Fine 


aggregate 




land sand 


land sand 


land sand 


land sand 


land sand 


land sand 


land sand 


land sand 


land sand 


land sand 


land sand 


land sand 


land sand 


land sand 


land sand 


land sand 


land sand 


and sand 


and sand 


crushed 
sand 


3it sand 


Cement 






OPC 


OPC 


OPC 


OPC 


OPC 


OPC 


OPC 


OPC 


OPC 


OPC 


OPC | 


OPC 


OPC 


OPC 


OPC 


OPC 


OPC 


LHC 


LL 
+ 

o 

CL 

o < 


OPC i 


OdO 


Cement dispersing 


Agent 


Amount Used (as 
product content) 
(CX%) 


o 


o 


o 


p 


p 


o 


p 


o 


o 


o 


p 


p 


p 




9S 

CM CM 




CN CN 


CO 

o 


CO 

o 


o 


p 


Type 


SP-8N 


SP-8N 


SP-8N 


SP-8N 


SP-8N 


SP-8N 


SP-8N 


SP-8N 


CO 

CL 
CO 


SP-8N 


SP-8N 


SP-8N 


SP-8N 


SP-9N 


NL-40 
PZ-70 


SP-9N 


NL-40 
PZ-70 


SP-8N 


SP-8N 


SP-8N 


SP-8N 


Additive for 


cement composition 


Amount Used 
as solids 
cX%) 


0.20 


0.20 


0.20 


0.20 


0.35 


0.25 


0.10 


0.20 


0.20 


0.20 


0.20 


0.20 


0.20 


0.20 


0.20 


0.20 


0.20 


0.20 


0.20 


0.20 


0.20 


Type 


< 


CO 


O 


Q 


UJ 




o 


X 




— > 




— i 




< 


< 


_j 


— i 


< 


< 


< 


< 






Ex.1 


|Ex.2 


Ex.3 


Ex.4 


Ex.5 


Ex.6 


Ex.7 


Ex.8 


Ex.9 


Ex.10 


Ex.11 


Ex.12 


Ex.13 


Ex.14 


Ex.15 


Ex.16 


Ex.17 


Ex.18 


Ex.19 


Ex.20 


Ex.21 
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The examples 1-13 are according to the invention. 

For comparison, it is shown that the comparative examples 1 and 2 are those to which 
polyethylene glycol and cement dispersing agent are added, the comparative examples 3 and 
5 4 are those to which thickening polymer and cement dispersing agent are added, the 
comparative example 5 are those to which DGME derivative, polysaccharide, thickening 
polymer and cement dispersing agent are added, the comparative example 6 are those to 
which DGME derivative, polyethylene glycol, thickening polymer and cement dispersing 
agent are added, the comparative example 7 are those to which DGME derivative, 
10 pplyethylene glycol, polysaccharide and cement dispersing agent are added, the comparative 
example 8 are those to which polyethylene glycol, polysaccharide, thickening polymer and 
cement dispersing agent are added, and the comparative examples 9-11 are those to which 
cement dispersing agent only are added. 

15 The flow ratios of mortar in the static pressure condition and the pumping condition in the 
examples 1-13 are larger than those in the comparative examples 1-11 so that the decrease 
of fluidity is small and the pumping pressure is also small. Consequently, the pumpability of 
mortar using the additive in the invention shows a good performance in all cases. 

20 The examples 14-17 show the cases in which the samples A or L of the invention and 
cement dispersing agents are used, and in which the type of the cement dispersing agent is 
varied. For comparison, it is shown that the comparative examples 9-11 are those to which 
cement dispersing agents only are added. The flow ratios of mortar on the static pressure 
condition and pumping condition in the examples 14-17 are larger than those in the 

25 comparative examples 9-11, therefore, it can be understood that the decrease of fluidity is 
small and the pumping pressure is also small. Consequently, it is ascertained that the 
pumpability of mortar using the additive of the invention shows a good performance even if 
the type of cement dispersing agent is changed. 

30 The examples 1, 18 and 19 show the cases in which the sample A in the invention and a 
cement dispersing agent are used, and in which the type of cement is varied. For 
comparison, it is shown that the comparative examples 7, 12, 13 and 14 are the cases in 
which the sample U and the cement dispersing agent are used, and in which the type of 
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cement is varied. The fluidity change and pumping pressure of mortar on the static pressure 
condition and pumping condition in the examples 1, 18 and 19 are smaller than those in the 
comparative examples, and the pumpability of mortar employing the additive in the 
invention is good even if the type of cement is changed. On the contrary, the comparative 
5 example 7, in which the fluidity change before and after pumping and the pumping pressure 
are also small, shows good pumpability. However, the comparative examples 12 and 14 
show the tendency that the fluidity change just after a mixing and before and after pumping 
and the pumping pressure increase. Further, as shown in the comparative example 13, in the 
case when the added amount of the cement dispersing agent is decreased and the fluidity just 
10 after the mixing is made identical with that of the examples, it is shown in that the fluidity 
change before and after pumping and the increase of pumping pressure tend to be 
accelerated. 

The examples 1, 20 and 21 show the cases in which the sample A in the invention and a 

15 cement dispersing agent are used, and in which the type of fine aggregates is varied. For 
comparison, it is shown that the comparative examples 7, 15, 16 and 17 are the cases in 
which the sample U and the cement dispersing agent are used, and in which the type of fine 
aggregates is varied. The fluidity change and pumping pressure of mortar on the static 
pressure condition and pumping condition in examples 1, 20 and 21 are smaller than those 

20 in the comparative examples, and the pumpability of mortar using the additive of the 
invention is good even if the type of fine aggregates is changed. On the contrary, the 
comparative example 7, in which the fluidity change before and after pumping and the 
pumping pressure are also small, shows good pumpability, however, the tendency is shown 
that in the comparative example 15 the fluidity change just after mixing and before and after 

25 pumping and the pumping pressure increase, and that in the comparative example 16, the 
fluidity just after mixing decreases and the fluidity change before and after pumping and the 
pumping pressure increase. Further, as shown in the comparative example 17, in the case 
where the added amount of the cement dispersing agent is increased and the fluidity just 
after the mixing is made identical with that of the examples, it is shown that the fluidity 

30 change before and the increase after pumping and the increase of the pumping pressure tend 
to be inhibited, however, its pumpability of mortar is inferior to that of mortar in which the 
additive of the invention is used. 
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3-2) Concrete test 

In Table 5 are shown the results of the pumping test. From Table 5 are ascertained the 
5 following effects in the case of using the additive for cement composition in the invention 
for concrete. 

The examples 22, 23, 27 and 28 show the cases in which the additives for cement 
composition of the invention are used. For comparison, it is shown that the comparative 
10 examples 21 and 22 are those adding cement dispersing agents only. The decreased amount 
of the slump flow before and after pumping, or of the slump in the examples 22, 23, 27 and 
28 is 1.0-1.5 cm and is smaller compared to that in the comparative examples 21 and 22, 
showing that the pumpability of concrete using the additive in the invention is good. 

15 The examples 22, 24 and 25 show the cases in which the sample A of the invention and a 
cement dispersing agent are used, while the types of cement or fine aggregate are varied. For 
comparison, it is shown that the comparative examples 18, 19 and 20 are the cases in which 
the sample U and the cement dispersing agent are used, while the types of cement or fine 
aggregate are varied. The decreased amount of the slump flow before and after pumping in 

20 the examples 22, 24 and 25 is as small as 0.5-1.5 cm and the pumpability of concrete using 
the additive in the invention is good even if the types of cement or fine aggregate are 
changed. On the contrary, the comparative example 18, in which the decreased amount of 
the slump flow before and after pumping is as small as 1.5 cm, shows good pumpability, 
however, in the comparative examples 19 and 20 the decreased amount of the slump flow 

25 just before and after pumping is as large as 6.0 cm and 4.0 cm respectively, and the change 
of the slump flow at the standing condition is also large compared to that of the examples. 
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Consequently, use of the pumping additive according to the invention alleviates or removes 
entirely conventional problems, such as a considerable change of the fluidity just after 
mixing or before and after pumping, and an increase of pressure at a time of pumping, due 
to a difference in a mix proportion of cement composition or in a material used, and due to a 
5 fluctuation of aggregate's grain or surface water. Thus, it becomes possible to prepare high- 
quality concrete that is extremely good in pumpability and flowability. 
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Claims: 

1 . A cement pumpability-enhancing additive which consists essentially of 

(a) polyethylene glycol; 

(b) diethylene glycol monobutyl ether and/or a derivative thereof; 
5 (c) polysaccharide; and 

(d) a thickening polymer selected from the group consisting of polyacrylic 
acid derivatives, polyacrylic amide derivatives, cellulose ethers, polyphenyl 
ethers and polyalkylene glycol fatty acid esters; 
the weight solids proportions of (a), (b), (c), and (d) in the additive being 
10 respectively 5-55%, 10-80%, 1-20% and 1-20%. 



2. A cement pumpability-enhancing additive according to claim 1, wherein, when a 
derivative of diethylene glycol monobutyl ether is used, it is an adduct of diethylene 
glycol monobutyl ether with 1-2 mol of propylene oxide. 

15 

3. A cement pumpability-enhancing additive according to claim 1 or claim 2, wherein 
both diethylene glycol monobutyl ether and an adduct of diethylene glycol 
monobutyl ether with 1-2 mol of propylene oxide are used. 

20 4. A cement pumpability-enhancing additive according to any one of claims 1-3, 

wherein the polysaccharide is selected from one or more of the group consisting of 
curdlan, sugar alcohol, xanthan gum, guar gum, welan gum and 6-1,3-glucan. 



5. A cement pumpability-enhancing additive according to any one of claims 1-4, 

25 wherein, when the thickening polymer is selected from polyacrylic acid derivatives, 

polyacrylamide derivatives and cellulose ethers, it is selected such that the viscosity 
of a 1 wt. % aqueous solution thereof is from 1,000-1,000,000 cP (20°C), and when 
it is selected from polyalkylene glycol fatty acid esters and alkylphenyl ethers, the 
viscosity of a 10 wt. % aqueous solution of these is froml 0-500 cP (20°C). 

30 

6. A method of improving the pumpability of a cementitious composition by the 
incorporation therein prior to pumping of an additive according to claim 1 . 
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7. A method of improving the pumpability of a cementitious composition according to 
claim 6, wherein there is additionally added to the cementitious composition a 
cement dispersing agent, this being present to the amount of 3% maximum solids by 
weight of cement. 

5 

8. A method of improving the pumpability of a cementitious composition according to 
claim 6 or claim 7, wherein the additive is added at a rate of from 0.05-5% by 
weight additive solids of cement, with the proviso that, when there is also present a 
cement dispersing agent, the combined proportion of the additive and the cement 

1 0 dispersing agent (solids by weight of cement) shall not exceed 5% . 



9. A method of improving the pumpability of a cementitious composition according to 
claim 7 or claim 8, wherein the cement dispersing agent is selected from at least one 
of a polycarboxylic acid, aminosulfonic acid, a napthalenesulfonic acid- formalin 
15 condensate, a melamine sulfonic acid- formalin condensate, ligjiinsulfonic acid, and a 

hydroxycarboxylic acid, and metal salts thereof (including alkali metal salts and 
alkaline earth metal salts). 
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